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I n  the preceding pape r  (1) the problem relat ing to the ident i ty  of 

the causal agents  of varicella and herpes zoster was stated.  T h e  
mere  occurrence of varicella in an individual following exposure to 

herpes zoster  might  easily be  explained upon coincidence. Certain 

other  observat ions,  however,  dealing with  complement  fixation work, 

inoculation experiments,  and  protect ion tests conducted with  conva-  
lescent sera deserve serious consideration. 

Netter (2) and Netter and Urbain (3), de Lange (4), and others, because of their 
results with complement fixation tests, contend that the etiological agents of 
zoster and varicella are quite frequently identical. Landa and Silbersteru (5), 
however, were unable to confirm these observations. Kundratitz (6) and Lip- 
schtttz and Kundratitz (7) inoculated 28 children under 5 years of age with material 
from herpes zoster patients in the hope of immunizing them against chicken-pox. 
In 17 of the children a local reaction, characterized by papules and vesicles, was 
observed at the point of inoculation. The children were subsequently found to 
be immune to varicella. These writers also claim that injections of convalescent 
herpes zoster serum will protect exposed children against varicella. Lauda and 
Stt~hr (8) inoculated 54 children with material from 17 cases of herpes zoster, and 
in none of them did they observe a local reaction at the site of the inoculation. 
Three of the inoculated children and 3 other uninoculated infants who came in 
contact with some of the zoster patients developed typical chicken-pox 2 or 3 
weeks after exposure. These workers were unable to demonstrate that conva- 
lescent zoster serum protects against variceila and conclude from the results of 
their work that the majority of cases of zoster are not caused by the virus of 
chicken-pox. 

Chicken-pox is a highly contagious disease, but for a long time doubt existed in 
regard to its inoculability. A great deal of this doubt arose from the fact that 
most of the experimental inoculations were made during epidemics of varicella and 
exposures to the disease under natural conditions could not absolutely be elimi- 
nated. Nevertheless, in spite of these difficulties, it has been shown (9) that 
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varicella is inoculable. Successful experiments, however, are not as constant as 
one might suppose when considering the extremely contagious nature of the 
disease. Evidence is accumulating in favor of the idea that zoster also is caused 
by a virus, but the question as to its inoculability in humans is still moot. 

I f  it  were possible wi thout  difficulty to produce varicella and zoster 
in animals, the relation of the two diseases would be settled quickly. 
I t  is very  doubtful  if the virus tha t  causes the major i ty  of cases of 
zoster has been propagated in experimental  animals. With  one ex- 
ception this is also true in regard to varicella. Certain kinds of 
monkeys (Cercopithecus sabaeus and Cercopithecus lalandi) are suscep- 
tible to the virus of chicken-pox. Even  in these animals the results 
are irregular and the evidence of infection consists of the occurrence 
of acidophilic nuclear inclusions in affected cells of inoculated testicles. 
These inclusions, however, do not  occur in controls and their appear-  
ance is regularly prevented by  convalescent varicella serum (10, 11). 
In  view of the regulari ty with which convalescent varicella serum 
prevents  these inclusions in testicles inoculated with chicken-pox 
virus, it  seemed likely tha t  information regarding the ident i ty  of vari-  
cella and zoster  might  be obta ined b y  conducting neutral izat ion tests 
with varicella virus and convalescent  zoster  serum. I t  is wi th  obser- 
vat ions  concerning these exper iments  t h a t  the present  paper  deals. 

Methods and Materials. 

Monkeys Employed.--¥oung male green monkeys (Cercopilhecus sabaeus) were 
used. Animals in which spermatogenesis had been established were discarded. 

Neutralization Tests.--Emulsified papules and vesicles collected from varicetla 
patients, usually within the first 72 hours of the disease, were used as virus. Non- 
immune serum was secured from chicken-pox patients during the first 72 hours of 
disease. Immune variceUa serum was obtained from convalescent patients 14 to 
22 days after the appearance of the rash. Immune zoster serum was collected 
from convalescent patients 23 to 28 days after the appearance of the eruption. 

The papules and vesicles were excised under aseptic conditions and emulsified by 
grinding in a mortar moistened with Locke's solution. Sand was not used. The 
emulsified material was taken up in 0.5 to 2.0 cc. of Locke's solution and portions 
of it were mixed as desired with equal amounts of non-immune serum, immune 
varicella serum, or immune herpes zoster serum. Measured amounts (0.25 cc.) 
of the mixtures were then injected into the testicles of monkeys. More than 45 
minutes never elapsed between the collection of the varicella virus and its injection 
into the animals. 
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Removal and Examination of Testides.--It was previously shown (10, 11) that 
nuclear inclusions are present in the testicles of green monkeys on the 5th and 
6th days after inoculation with chicken-pox. Consequently, in the experiments 
reported at the present time, the monkeys were castrated I on the 5th or 6th day 
following inoculation. The testicles removed for histological studies were fixed in 
Zenker's fluid, sectioned, and stained with eosin and methylene blue. A careful 
search for eosin-staining nuclear inclusions was made in numerous sections of each 
testicle. Details concerning the tinctorial reactions of the inclusions are given by 
Tyzzer (12), Lipschiitz (13), and Goodpasture (14). 

Resu/ts.--Testicles in which nuclear inclusions were found were considered 
infected with varicella virus. If no inclusions were found, infection was considered 
not to have occurred. In this type of work, positive results are naturally much 
more significant than are negative ones. 

EXPERIMENTAL. 

In  the s tudy  of the relation of varicella to herpes zoster  4 neu- 

t ral izat ion experiments were performed. ~ A detailed account  of 

each follows. 

Experiment I .  

The first experiment was conducted  in order to determine whether  

the  serum of an adult ,  who had  had chicken-pox in childhood, 

would  neutral ize varicella virus. 

Serum was collected from J., 35 years of age, who had chicken-pox when 5 
years old. Non-immune serum was obtained from W. R.  during the first 48 
hours after the appearance of the varicella rash. Virus in the form of 4 vari- 
celia vesicles was secured from B. The serum to be tested, from J., was mixed 
with an equal amount of virus, and then 0.25 cc. of the mixture was injected 
into each testicle of Monkey 1. Non-immune serum, W. R., was also mixed 
with virus, and 0.25 cc. of the mixture was injected into each testicle of Mon- 
key 2. 5 days later the testicles were removed and examined in the usual 
manner for the presence of acidophilic nuclear inclusions. They were found in 
the testicles of both monkeys. 

1 All operative procedures were conducted under anesthesia. 
2 Because of the scarcity of green monkeys, control tests with convalescent 

varicella serum were at times omitted. In fact, it is not essential to use this 
control with each experiment, inasmuch as convalescent varicella serum has never 
failed to prevent the appearance of inclusions in testicles inoculated with varicella 
virus (11). 
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The  results of the above  exper iment  indicated to us tha t  the serum 
f rom an individual  who had had  varicella m a n y  years  previously  did 
not  contain su/hcient ant ibodies to p r ev en t  the appearance  of in- 
clusions in testicles inoculated wi th  chicken-pox virus. Conse- 
quen t ly  i t  was deemed safe in this work to use convalescent  zoster  
serum obta ined  f rom individuals who a number  of years  earlier in 
life had passed through an a t t ack  of varicella. 

Experiment I I .  

In  this exper iment  an a t t e m p t  was made  to ascertain whether  
the serum from a case of so called idiopathic  herpes zoster  was ca- 
pable  of neutra l iz ing varicella virus. 

C. S., male, white, 16 years old. No history of having had chicken-pox or 
zoster previously. No exposure recently to either disease. Patient seen on the 
first day of the roster eruption which was distributed over the right sacral and iliac 
regions; serum collected. Lesions healed slowly. Serum again collected 23 days 
after onset of the disease. 

In the neutralization tests, 4 monkeys were used. Virus, 9 lesions, was collected 
from 3 variceila patients (G. K,, G. M., H. B.). Non-immune serum (W. R.), 
immune serum (M. W.), and serum collected from C. S. on the 1st and 23d days 
after the appearance of the zoster eruption were employed. Virus and non- 
immune serum were injected into Monkey 3; virus and convalescent variceila 
serum into Monkey 4; virus and early zoster serum into Monkey 5; virus and 
convalescent zoster serum into Monkey 6. 6 days after the inoculations, the 
testicles were removed, fixed, sectioned, and stained. Upon examination no 
inclusions were found in any of the sections. 

In view of the negative results in all the monkeys, the experiment was repeated. 
At this time, however, only non-lmmune serum (W. R.) and convalescent zoster 
serum (C. S.) were used. The virus, 6 varicella vesicles, was obtained from 
A. M. and W. MeK. Virus and non-lmmune serum was injected into Monkey 7; 
virus and convalescent zoster serum into Monkey 8. 5 days later the testicles 
were removed and examined in the usual manner. In sections from the testicles 
of Monkey 7 numerous nuclear inclusions were found, while none were seen in those 
from Monkey 8. 

From the results of this exper iment  one might  conclude t h a t  the 
convalescent  zoster  serum neutral ized the varicella virus. Monkeys ,  
however,  display a Certain amount  of i r regular i ty  in their  suscepti-  
bi l i ty  to chicken-pox virus. Consequent ly  one set of negat ive  find- 
ings is no t  highly significant. 
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Experiment II l .  

The following test was made to determine whether the serum 
from a patient who developed herpes zoster following the adminis- 
tration of salvarsan would neutralize chicken-pox virus. 

M. R., female, colored, age 36. No history of previous attacks of chicken-pox 
or herpes zoster. No known recent exposure to either disease. + + + + Wasser- 
mann. On Jan. 13, 1927, at  the Vanderbilt clinic, the patient received her first 
intravenous injection of salvarsan. 24 hours later a burning sensation was felt 
over the left shoulder, and 48 hours following the treatment blisters were seen over 
the left side of neck and left shoulder. Patient was seen at  the Rockefeller 
Hospital for the first time on Jan. 21 and was found to have typical herpes zoster. 
The lesions healed slowly. Convalescent serum was collected on Feb. 1L 

Virus, 4 fresh vesicles, was collected from a varicella patient on the 3d day of 
eruption. Virus and non-immune serum (W. R.) were injected into Monkey 9; 
convalescent zoster serum (M. R.) and virus were inoculated into Monkey 10. 
5 days after the injections the testicles were removed and examined for the presence 
of acidophilic nuclear inclusion. In  the testicles of both animals many were 
found. 

In this experiment it seems that the convalescent zoster serum 
did not neutralize the chicken-pox virus. 

Experiment IV. 

The experiment described below is the most important one in the 
series. In it was used serum from a convalescent zoster patient who 
had had varicella 7½ years previously and from whom a sister ap- 
peared to have contracted chicken-pox through exposure to her during 
the attack of zoster. 

M. B., female, white, age 8. No history of previou s attacks of zoster. Had 
chicken-pox when 6 months old. No recent exposure to vaficella or zoster. 
Attends a public school. On Oct. 24, 1926, the patient developed blisters over 
the fight side of the body. She was not quarantined and came in contact with 
relatives, classmates, and playmates. On BTov. I, she was seen at  the Vanderbilt 
clinic and referred to the Rockefeller Hospital. At  that  time the patient pre- 
sented the picture of typical herpes zoster. The eruption was on the fight side of 
the body over an area supplied by the 9th and 10th thoracic nerves. The child 
was not admitted to the hospital, but was seen from time to time in the clinic. 
Dr. E. visited the home on several occasions and a nurse observed the children in 
the patient 's class at  school. The lesions on the child healed slowly, and con- 
valescent serum was obtained on Nov. 20, 26 days after the appearance of the 
eruption. 
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V. B., age 3, a sister who had never had varicella or zoster was constantly 
exposed to the patient. On Nov. 13, 19 days after the appearance of zoster in 
M. B., a chicken-pox eruption was observed on V.B. The child was admitted to 
the Rockefeller Hospital and after passing through a typical attack of varicella was 
discharged on Nov. 27. Just prior to discharge convalescent serum was obtained. 

The parents said that V. B. had not been exposed to varicella, yet she developed 
the disease 19 days after exposure to herpes zoster in her sister. This, then, is an 
excellent example of chicken-pox developing in a child after exposure to herpes 
zoster. Many such examples have been reported and have been adduced as 
evidence of the identity of the two diseases. Upon pursuing the matter further, 
however, it was found that M. B.'s class at school consisted of 33 children, 21 of 
whom had never had varicella. All of them were exposed to M. B., yet not a 
case of chicken-pox developed as a result of the exposure. 

Four monkeys were used in the neutralization tests. The virus consisted of 
12 vesicles removed from 3 varicella patients (J. R., W. R., V.D.). Non-immune 
serum (W. R.), chicken-pox convalescent serum (M. W.), convalescent serum from 
M. B., and convalescent serum from V. B. were respectively mixed with equal 
amounts of virus. 0.25 cc. of the mixtures were then injected into the testicles of 
monkeys; virus and non-immune serum into Monkey 11, virus and convalescent 
varicella serum into Monkey 12, virus and convalescent serum from M. B. into 
Monkey 13, virus and convalescent serum from V. B. into Monkey 14. 5 days 
after the injections the testicles were removed and examined in the usual way 
for the presence of nuclear inclusions. Sections from Monkeys i1 and 13 showed 
numerous inclusions, while those from Monkeys 12 and 14 revealed none. 

The  results of the experiment indicate tha t  the non-immune serum 
and the serum from the child (M. B.) convalescent af ter  zoster did 
not  neutralize varicella virus, while convalescent varicella serum of 
extraneous derivation and convalescent serum from the sister (V. B.) 
who had just  had chicken-pox did inhibit its action. In view of these 
findings, together with the failure of varicella to develop in any  of 
the classmates of the child (M. B.) who had zoster, one is justified in 
concluding tha t  the relation of chicken-pox to zoster in the two sisters, 
V. B. and M. B., was apparent  ra ther  than real. 

A summary  of the experiments dealing with the neutralization of  
varicella virus by  convalescent herpes zoster serum is given in Table  I. 
An analysis of the results reveals that ,  under  the conditions of the 
tests, sera from individuals who had had varicella 7] to 30 years previ- 
ously did not  neutralize varicella virus. This fact does not  imply tha t  
these individuals were susceptible to chicken-pox and tha t  their sera 
did not  possess a certain amount  of neutralizing power for varicella 
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virus. The experiments also indicate that 2 of 3 convalescent herpes 
zoster sera did not neutralize varicella virus while in each of 2 in- 

TABLE I.  

Summary of Neutralization Experiments. 

2 
Repeat 

Inoculum 

Varlcella virus + non-immune serum 
" " + serum from adult who had vaficeUa 30 

years previously 

c~ u +4- non-immune serum 
" " + convalescent varicella serum 
" " + serum from patient early in course of 

herpes zoster 
" " "4-serum from patient convalescent from 

herpes roster 

" " + non-lmmune serum 
" " "4- convalescent herpes roster serum 

~ ~c Jr" n o n - l m m u n e  s e r u m  

" " + c o n v a l e s c e n t  h e r p e s  z o s t e r  s e r u m  

" " + non-immune serum 
" " + convalescent varicella serum 
" " "Jr convalescent herpes roster serum from an 

individual (iVL B.) who had had varl- 
ceUa 7½ years previously 

" " + convalescent varicella serum (V. B.) 

R e s u l t s  

+ 

+ 

m 

+ 

+ 
+ 

+ 

+ 

Monkeys  inoculated in testicles. 
+ indicates infection by  virus,  de termined  by  presence of nuclear  inclusions in 

sections of inoculated testicles. 
- indicates  no infection b y  virus,  de termined  b y  absence of n u d e a r  inclusions 

in sections of inoculated testicles. 

stances s convalescent chicken-pox serum did neutralize it. An ade- 
quate explanation of why varicella virus appeared to be neutralized 
by one of the convalescent zoster sera is lacking. I t  is certainly not 

3 Convalescent  varicella serum regularly prevents  the  occurrence of nuclear  
inclusions in monkeys '  testicles inoculated wi th  variceUa virus (11). 
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safe to conclude, even though the experiment was repeated, that the 
herpes zoster in that case was caused by varicella virus. From the 
experiments reported in this paper and those previously recorded in 
regard to varicella in monkeys (10, 11), one is justified in concluding 
that herpes ZoSter is not always produced by varicella virus. Such 
is the case even in instances where clinical observations might lead 
one to suspect that the causal agents of the two diseases are identical. 

DISCUSSION. 

Many investigators believe that certain cases of zoster are caused 
by a specific virus. Instances, however, of "recurring zoster," of 
zoster following mechanical or drug injuries to nerves, and of zoster 
occurring in patients with tabes, tuberculosis of the spine, and cord 
tumors have led numerous observers to consider that this type of the 
disease is due not to an infectious agent, but to trophic changes in 
the skin incident to nerve injury. Regardless of the conditions under 
which herpes zoster occurs, the character of the lesions has induced a 
number of workers familiar with virus diseases to entertain the idea 
that it is caused by some kind of virus. 

The question as to whether zoster is caused by one or by several 
viruses naturally arises. The pathological changes observed in zoster 
lesions are strikingly similar to those seen in herpes simplex and vari- 
ceUa. In fact, lesions from these three diseases cannot be differen- 
tially diagnosed one from another by means of the microscope. As a 
group, however, they can be separated from other skin lesions occur- 
ring in man. This is made possible by the occurrence of acidophilic 
bodies in the nuclei of affected cells. From records of work dealing 
with the identity of herpes simplex and herpes zoster (15) it seems 
unlikely that the etiological agents concerned in the majority of the 
cases of these two diseases are identical. 

I t  now remains to consider the relation of zoster to chicken-pox. 
The studies presented in the preceding paper (1), the experiments re- 
corded in the present one, and the fact that an attack of herpes zoster 
as a rule does not protect against varicella and vice versa (16, 17, 
18, 22) seem to indicate that the majority of the cases of the two dis- 
eases is not caused by the same virus. There is no good reason, how- 
ever, why one should say that the virus of chicken-pox cannot under 
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certain conditions produce localized lesions clinically indistinguishable 
from herpes zoster. I t  probably does, but only rarely. 

The conditions under which the virus of varicella causes a disease 
clinically similar to herpes zoster are probably dependent upon the 
r61e injury or irritation plays in the localization of many viruses. 
The viruses of measles (19) and variceUa (20)localize in areas of irri- 
tated skin as is evidenced by a marked increase in the number of 
lesions appearing in such areas. Therefore, in hospitals where large 
numbers of tuberculous children and syphilic infants undergoing treat- 
ment with arsenicals are cared for, a few cases of dinical zoster may 
occur during an epidemic of varicella. In all probability, under these 
conditions, some if not all of the so called zoster is caused by chicken- 
pox virus. Consequently it would be better to diagnose such cases 
as varicella with an abnormal localization of the rash. 

I t  is not likely that trophic changes incident to nerve injury alone 
or to drug poisoning alone, e.g., with arsenic, are capable of producing 
herpes zoster. If such were the case, the disease should be seen more 
often under these conditions. The fact that viruses tend to localize 
in irritated tissues may also account for the relation that has been 
observed to exist between certain cases of herpes zoster and nerve 
injury due to chemical, physical, or disease-producing agents. 
Whether the virus localizes primarily in ganglia and subsequently 
travels by way of nerves to the skin or whether the localization is only 
in the skin, the site being determined by circulatory and other changes 
incident to the injury of nerves supplying the region (21), is not defi- 
nitely known. There is no reason why the primary localization of the 
virus may not occur in either place. The presence or absence of pain 
in zoster may in some instances be dependent upon the place at which 
the virus localizes. 

Since in the majority of cases of herpes zoster the disease is caused 
neither by the virus of herpes simplex nor by the virus of varicella, 
is there any evidence at present that a special virus is concerned in 
its production? There is no direct proof that such a virus exists, 
yet the indirect evidence is suggestive. In the first place, the patho- 
logical picture presented by zoster lesions is one that has not been 
shown to occur in the absence of some kind of virus. Although 
zoster is not, as a rule, highly contagious, it breeds true when occur- 
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ring epidemically, i.e., zoster gives rise to zoster (15, 22). Finally, 
in the majori ty of instances one at tack of zoster confers an immuni ty  
against a second at tack of the disease but  not  against an infection 
with herpes simplex and varicella viruses. 

SUMM~RY. 

Experiments and clinical observations dealing with the ident i ty  of 
the viruses of varicella and herpes zoster were presented. The results 
indicate tha t  the etiological agents concerned with these two diseases 
are in the major i ty  of instances not  identical. 
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